Morphometric light microscope measurements were made on 154 abdominal aortas from 77 Guatemalan Indian-white (ladinos) men and from 77 New Orleans white men, aged 15 to 54 years. In each case, means were derived from 12 points measured independently. A progressive increase in intimal lipid with increasing age was observed in men from both countries. Extracellular intimal lipid was consistently higher in men from New Orleans than in those from Guatemala, although not always significantly so. Intimal thickness followed a similar pattern to intimal lipid regarding age and geographic location. Foam cells and leukocytes (mainly monocytes) did not follow a consistent pattern. The smooth muscle cell count was the only variable that was significantly greater in New Orleans men than in Guatemalans aged 15 to 34 years. Morphometric microscopic measurements were significantly correlated with unaided visual estimates of atherosclerotic lesions and with chemical determinations of lipid fractions in the arterial intima. All three methods, gross grading, microscopy, and chemistry, agree in revealing little or no measureable difference between New Orleans men and Guatemalans younger than 35 years, but an accelerated divergence of the populations over age 35. (Arteriosclerosis 2:242-251,
C omparison of atherosclerosis in arteries collected from autopsies of persons from Guatemala and New Orleans have consistently revealed striking differences in the extent and severity of arterial lesions.'^4 Those studies revealed that after 40 years of age persons from New Orleans had more extensive involvement, as evidenced by the raised lesions of atherosclerosis in the aortas and coronary arteries than did persons of the same age and sex from Guatemala. However, differences between the two populations in the extent of aortic fatty streaks in younger persons were not clearly discerned in those early studies. Those findings were broadened 6 years later in the sample collected from the International Atherosclerosis Project (IAP) in 1960-64. 45 Data from the IAP indicated less extensive fatty streaking of the abdominal aorta in Guatemalans, even in ages 15 to 24; but no such difference was seen in the thoracic aorta.
All the studies mentioned above were based on unaided visual estimates of atherosclerotic lesions by experienced graders, a method that has been shown to be reliable for meaningful comparisons of atherosclerosis among samples collected from different populations. 5 ' 6 Several attempts have been made to study light microscopic features of atherosclerotic lesions in the aorta and coronary arteries to compare human populations known to differ widely in gross estimates. 7 " 9 Those studies, although using slightly different methods, agree in revealing that certain microscopic features in older persons were related to the tendency of a population to develop fibrous plaques and more advanced lesions. The amount of intimal lipid and degree of intimal cellular infiltration were the most important features in this regard. However, those studies failed to show a convincing difference between populations in the younger persons.
Chemical methods have also been used to examine human atherosclerosis among populations differing widely in the extent and severity of gross atherosclerotic lesions and in mortality from coronary heart disease. 10 " 13 The chemical composition of the aortic intima showed striking differences in the amount of lipid accumulation between New Orleans and Guatemala; the lipid content was higher in New Orleans than Guatemala cases at comparable grades of visual estimates. 14 Those differences were substantial in persons over age 34 years. In people under 35 years, only two small but significant cross-cultural differences were found: the intimal content of free cholesterol was greater in the New Orleans specimens in the 15-to 24- year age group and phospholipid was greater at ages 25 to 34.
The present study was designed to evaluate histologic features of lesions in the abdominal aortic wall of persons dying of unselected causes of death in New Orleans and Guatemala. Light microscopic findings were compared with gross estimation of lesions and with chemical results. Table 1 shows the age distribution of 154 cases included in this study. All cases were men -white men in New Orleans and Indian-white (ladinos) men in Guatemala. Men of only one racial group from each location were included to avoid variability due to sex and ethnic conditions. In 42 of the 77 cases from Guatemala (54%) and in 57 of the 77 cases from New Orleans (74%), death was due to accident or trauma. Aortas were collected within 24 hours after death at postmortem examination of the deceased subjects in both locations. The abdominal aorta was selected for the present study because earlier studies revealed more advanced atherosclerotic lesions in this segment of the aorta. 1 " 3 The aortas were split longitudinally into left and right halves. The left half was frozen to be used for chemical analysis as reported elsewhere. 14 The right half was flattened on chipboard, fixed in buffered 10% formalin, stained with Sudan IV, and bagged in laminated plastic bags following methods routinely used in our laboratory. 5 Visual estimation of atherosclerotic lesions was made on the right half by four experienced pathologists after coding and thorough mixing of the aortas from New Orleans and Guatemala. 56 Atherosclerotic lesions considered in the grading procedure were: fatty streaks (FS), fibrous plaques (FP), complicated lesions (CP), and calcified lesions (CA). Raised lesions (RL) refers to the sum of fibrous plaques, complicated lesions, and calcified lesions. The final grading for each case was the mean value of the estimates of the four observers. Outliers among observers were eliminated by computing a new mean by a program developed to exclude outliers. 15 Severity index (SI), an atherosclerosis index derived from Holman et al., 16 was computed for every case from gross estimates of FS, FP, CP, and CA [SI = 1 / 2 TS + V* FP + Vz (CP + CA)]. Four circumferentially oriented tissue strips comprising the whole width of the right half of the aorta were cut after all the specimens were graded visually. Blocks were taken at the following anatomic sites: 1) below the lower margin of the opening of the celiac artery; 2) below the lower margin of the opening of the renal artery; 3) midpoint between the renal artery and the iliac bifurcation; and 4) above the iliac bifurcation. The posterior end of each block was marked with a notch. All blocks were processed while fixed to cardboard to keep them in order according to the anatomic site. They were placed for 24 hours in formic acid/citrate solution and washed in running water for an additional 48 hours. Each block was split lengthwise, which is the circumferential direction in the aorta. The proximal half was used for frozen sectioning and stained with oil red O. The distal half was embedded in paraffin, and 6 fim sections were stained with hematoxylin/eosin and nigrosin/trichrome. 17
Methods

Microscopic Grading
Lines were drawn on coverslips to mark three points for each tissue block to be graded under light microscopy. Points correspond to the anterior, lateral, and posterior walls of the right abdominal aorta. Twelve points were evaluated in each case (4 levels x 3 circumferential positions). Microscopic grading was done by one observer (CR) who did not know the source of the specimens following a printed precoded schedule. A grid-type micrometer disk for wide field eyepieces (AO Catalog Number 1408A) was used to delimit an area of intima for each point to be evaluated. Calibration for the grid area with stage micrometer was 1000 /urn with the 10 x objective and 200 ^.m with the 44 x objective.
Fat Stain
The following items were graded by fat stain (10 x objective): intimal thickness and depth of lipid in the media (in 100 jum units); and amount of total, intracellular, and extracellular lipid in a 1 mm long segment of intima. We used a panel of four microphotographs arranged by increasing amount of intimal lipid to determine the number of 100 /urn squares showing 0, 1, 2, 3, or 4 degrees of intensity of lipid. A combined lipid score (LS) was computed for each point by adding the product of the number of squares times the weight of lipid intensity: LS = n, + 2n 2 + 3n 3 + 4n 4 (where n is the number of squares in the 1 VOL 2, No 3, MAY/JUNE 1982 mm intimal segment and subscript is the intensity of lipid stain). The percentage of intracellular and extracellular intimal lipid was estimated subjectively in the same area of intima.
Nigrosin/Trichrome Stain
Nigrosin/trichrome stain (10 x objective) was used to determine the intimal thickness between the endothelium and the internal elastic lamella in units of 100 ix. When atheronecrosis was found, the thicknesses of atheronecrotic focus and of the fibrous base and cap were separately measured.
Hematoxylin/Eosin Stain
Hematoxylin/eosin stain (45 x objective) was also used for microscopic grading. Cellularity was defined without reference to histochemical methods. Foam cells were recognized by clear cytoplasm; spindle or smooth muscle cells were noted by vesicular nuclei without foamy cytoplasm; leukocytes have dense single or lobulated nuclei.
Analysis of Data
All these categories probably included a mixture of cell types. Foam cells were measured by counting the number of 100 \x squares in the grid showing some of them within an area of intima measuring 1000 x 100 /x, circumferential length x depth under a 10 x objective. Smooth muscle cells and leukocytes were counted under a 45 x objective in an area of intima measuring 220 [x\ if the total thickness of intima at the selected point was thicker than 220 /x, the raw (unadjusted) counts were adjusted multiplying by n-1 units of intimal thickness measured in the nigrosin stain. Presence of medial scars, foci of micronecrosis, hemorrhage, mural thrombi, and fibrin incrustation were recorded when observed within the area evaluated in each point.
In preliminary analysis of all the data without regard to the axial locations, we found that means of lipid scores and other measurements were not significantly different between anterior, lateral, or posterior points graded in the abdominal aorta. However, we found a consistent trend regarding the axial level, with scores and values consistently higher above the bifurcation (Level D) than below the opening of the celiac artery (Level A). Means for each case were derived from the scores and measurements of the 12 points, leaving the small axial component of variation confounded with "error." Means of scores and measurements, standard errors of means and ranges in all cases (before and after excluding cases with atheronecrosis) and within groups classified by age, severity index, and location were computed.
Partial correlation coefficients with mean values of gross estimates of atherosclerotic lesions as well as with mean values for lipid components determined in the same group of cases were also computed. 14 
Results
Intimal Intracellular and Extracellular Lipid
A progressive increase in histologically stained intimal lipid with increasing age was seen in both populations (table 2) . The rate of increase underwent a sharp acceleration in New Orleans men over age 34 when the 25 to 34 and the 35 to 44 age groups were compared. In Guatemalans, the accelerated increase with age occurred one decade later, with the mean of total lipid in the 45 to 54 age group approximately twice that in the 35 to 44 age group. Although these patterns of increase in lipid with increasing age are reflected in the intracellular and extracellular fractions in both locations, they are most conspicuous for extracellular lipid. Figure 1 illustrates that total lipid was higher in New Orleans men than in Guatemalans in three of the four age groups. Intracellular lipid followed this pattern. Extracellular lipid, however, was higher in New Orleans men than in Guatemalan men in all four age groups, with means 4 and 2 times greater in the 35 to 44 and 45 to 54 age groups.
Medial Lipid
A progressive increase in mean depth of medial lipid with increasing age was seen in both populations. The rate of increase was more striking in New Orleans men. 
Atheronecrosis
Atheronecrosis was marked by the presence of conspicuous cholesterol clefts. At least one focus of atheronecrosis was found in 10 cases from Guatemala and in 24 from New Orleans, none being under age 35. Table 3 shows the means of intimal and medial lipid after removing these 34 cases. The effect of excluding the 34 affected cases was to diminish all mean values in men over age 35 for intracellular, extracellular, and total lipid. Nevertheless, the residual groups of cases still revealed higher values in New Orleans men (table 3) . Medial lipid remained almost the same after excluding cases of atheronecrosis in both locations. Table 4 shows means of intimal thickness compared between men from the two locations before and after excluding cases showing atheronecrosis. Mean values increased with progressing age in men from both locations. In New Orleans men, an accelerated increase occurring between 25 to 34 and 35 to 44 age groups was abolished by discarding cases having atheronecrosis. The residual groups revealed approximately a linear increase in intimal thickness with age which was less steep in Guatemalans than in New Orleans men. Mean intimal thickness was higher in New Orleans men than in Guatemalan men in all age groups, but significant differences in the means were appreciated only after 35 years of age.
Intimal Thickness
Cellularity
Foam cells, as operationally defined, revealed no clear or consistent trends with age or location (table 5). Unadjusted means of leukocyte counts (mainly monocytes and lymphocytes) did not show an age or population group pattern. "Adjusted leukocytes" was computed by multiplying intimal thickness times the leukocyte count. These increased progressively with increasing age in both populations because increasing intimal thickness contributed to these computed values.
In both populations, unadjusted means of smooth muscle cell densities suggested a pattern of peaking at age 25 to 34 (table 5). In New Orleans men, this appeared to rise sooner to a higher peak and subsequently to decline more rapidly with age. The pattern, however, has some irregularities that hinder a confident conclusion.
Means of cell populations were also computed after excluding cases with atheronecrosis from both populations (not shown here). Values were slightly lower in older subgroups, but trends were essentially the same as those shown in table 5. 
Correlation with Gross Findings
Findings concerning gross estimates of lesions in cases included in this study have been reported in a previous paper. 14 Briefly , fatty streaks were the only type of atherosclerotic lesion occurring in the group aged 15 to 24 years, in both locations. There were 53 cases in Guatemala (68%) and 39 cases in New Orleans (50%) showing fatty streaks as the only type of grossly distinguishable lesion. Fibrous plaques began to appear in the second age group studied (25 to 34 years) in both locations. Means of raised lesions were significantly higher in New Orleans men than in Guatemalan men in the 35 to 44 and 45 to 54 age groups with a New Orleans/Guatemala ratio of 2.6. There were no differences regarding severity index between the two populations in age groups younger than the 35 to 44 age group, but after this age there was an increase in severity index with increasing age in both populations. However, this increase was particularly greater in New Orleans men than in Guatemalan men, thus magnifying the geographic differences in extent and severity of atherosclerosis by age 50.
To examine the relationship between gross estimates of atherosclerosis and microscopic gradings, we compared means of lipid scores in cases stratified in intervals of severity index (SI). 16 Figure 2 shows mean intimal lipid in both locations classified by SI intervals having three or more cases per cell for 73 cases from Guatemala (95%) and 63 cases from New Orleans (82%). More cases from Guatemala were classified in the 0 to 9 interval than from New Orleans, but no Guatemala case was in the 80 to 89 SI interval whereas eight cases from New Orleans were in this interval. The strong correspondence between gross and microscopic measures is clear in both populations. Means of extracellular and total lipid were consistently higher in New Orleans than in Guatemala in nearly all SI intervals, and the difference is statistically significant for extracellular lipid. This finding suggests a small additional excess of lipid in the aortas from New Orleans men which was not fully recognized by gross grading.
Means of intimal thickness also increased with increasing SI intervals in both populations, and no consistent differences were found between the New Orleans group and the Guatemala group. In this comparison, the gross and the microscopic features are closely interrelated. Means of foam cells increased progressively with increasing SI in both populations. However, in the New Orleans group this increase was seen up to the 50 to 59 interval and showed a marked drop in the 60 to 69 interval. Means of foam cells were lower in Guatemalan men than in New Orleans men, dropping considerably in the 50 to 59 SI interval. Table 6 shows correlation coefficients between microscopic measures of total, intracellular, and extracellular intimal lipid and mean extent of raised lesions and of severity index, by age group in Guatemala and New Orleans men. The agreement of gross and microscopic findings seen in the pool of all cases in figure 2, is also visible within most of the age x location subgroups.
Correlation with Chemical Analyses
Results of chemical analyses for lipid fractions in the same aortas included in the present study were reported by Malcom. 14 Briefly, there was a progressive lipid accumulation in the abdominal aorta with increasing age in both geographic locations with mean content of phospholipid, total cholesterol, free cholesterol, and cholesteryl ester higher in the New Orleans subjects than in Guatemalan subjects in most age groups. Correlation coefficients between chemically determined lipid fractions and our microscopic determinations are presented in table 7. In the 15 to 24 age group, a significant positive association was observed between total and extracellular lipid and chemical lipid fractions excepting phospholipid in New Orleans cases only. Significant correlation was observed between most microscopic and chemical determinations in Guatemala cases after age 25, especially in the 35-to 44-year age group. By and large, a stronger association was seen in Guatemala than in New Orleans men.
Miscellaneous Features
Some microscopic features were more frequently found in older age groups without significant differences between geographic locations. Medial scars and medial erosion were not seen in the 15-to 25- year age group but were present in 15% of points examined in the abdominal aorta in the 45 to 54 age group. Micronecrosis was recorded in 1.9% of points in the 15 to 24 age group, increasing progressively with age (2% in the 25 to 34, 7.4% in the 35 to 44, 16% in the 45 to 54 age group). Mural thrombi were absent in cases before 45 years of age, reaching 3.9% in the 45 to 54 age group when ulcerated atherosclerotic lesions developed in the abdominal aorta.
Comparison of Methods
The arterial condition as measured by extent of grossly evaluated raised lesions was strongly correlated with dry defatted weight evaluated chemically in New Orleans (0.899) and Guatemala (0.860) specimens (table 8) . Similar correlations for histologically evaluated lipid were less good (0.674 and 0.648). A striking correlation was found between chemical lipid and dry defatted weight (0.847 and 0.908), as if lipid and nonlipid components are locked together in a simple proportionality. 
Discussion
Tejada et al. 2 compared grossly assessed raised lesions in aortas obtained from New Orleans and Guatemala subjects in 1958. They concluded that: "The findings indicate geographic differences in the severity of atherosclerosis after the age of 30 years."
Findings in the present study obtained by microscopic morphometry indicate that involvement of the abdominal aorta with atherosclerotic lesions was consistently more severe in New Orleans men than in Guatemala men within age groups over 34 years of age. Especially noteworthy is the finding of extracellular lipid being consistently higher in New Orleans men than in Guatemalan men in all age groups. Although t tests of the extracellular lipid differences were significant only after age 25, the trend remained consistent even at age 15 to 24 years. More medial lipid was also consistently observed in New Orleans subjects than in Guatemala subjects in all age groups, although significant differences were only in the 35 to 44 and 45 to 54 age group.
Intimai thickness of abdominal aorta was also greater in New Orleans men than in Guatemala men, following a pattern parallel to extracellular lipid. Again, f tests lacked significance in younger ages, but the trend remained consistent.
Smooth muscle cells, defined as spindle cells in the arterial intima for the purpose of the present study, was the only variable to differ significantly between the two geographic groups earlier than age 24. A higher density of intimai smooth muscle cells in youth characterized that population which had more advanced atherosclerotic lesions later in life. The trend was paralleled by intimai thickness and extracellular lipid, although statistical significance could not be shown in the youngest groups.
McMahan et al. 18 developed a model to estimate the probability of obtaining tissue blocks with and without atherosclerotic lesions under various assumptions about overall arterial condition. Their estimates indicate that the number of sampling points needed for reliable description of the sampled population does not exceed the 12 points per aorta used here.
Interpretation of results in the present study is complicated by problems due to inherent bias in the selection of autopsied cases, as have been discussed by McMahan. 1920 Inferences made from these observations are not necessarily valid when extrapolated to the living population. These and other considerations should be kept in mind when discussing the interpretation of results.
A persistently troubling feature of these findings, as well as those from previous studies, is that the accumulation of lipid and the formation of fatty streaks fail to reveal differences in early ages between the two geographic locations of a magnitude comparable with the differences in more advanced lesions that are so striking in older ages. 21 " 23 The features of extracellular lipid deposits, spindle cell densities, and intimal thickness have been identified by this study as possible prodromes of later events. However, the magnitudes of population differences in these features were small and sometimes of questionable statistical significance. Chemical analyses for cholesterol, cholesterol ester, and other lipid components were alike in revealing a pattern of an abrupt change from only small, if any, differences before age 35 to a large difference after that age. No matter what subtle preconditions for later events may eventually be detected and confirmed, the clear finding is of an accelerated divergence between populations beginning around age 30 to 35 years. This accelerated divergence has been shown prominently by every method in every sample of cases (gross evaluation, chemical analysis, histologic morpho-metry) in every study, beginning in 1957. 1 The conclusion becomes increasingly difficult to resist that some forms of advanced lesions are responding to influences that are absent or weakly active in the production of earlier lesions.
On the face of it, the data suggest that the later fate of aortic lesions (after age 35 in these data) is not foreshadowed fully at younger ages. The main exception is a small but significant excess of spindle cells in the 15-to 34-year-old New Orleans men. This apparent propensity in New Orleans cases toward brisk proliferation of intimal smooth muscle cells at a young age emerges as a matter of immediate concern. Other evidence 23 ' 24 suggests that coronary arteries do show New Orleans-Guatemala differences earlier than the aorta. A definite conclusion on this matter continues to prove elusive.
Appendix
In the International Atherosclerosis Project (IAP), aortas collected in New Orleans and Guatemala in 1960-1964 were evaluated for gross extent of lesions by the same methods as used in this study of 1976 specimens. Although the team of pathologists changed, the two studies are in some ways replicates of each other. The appendix table reports mean values of selected measures as found in the two studies.
The measure FaF = F/(N + F) is the fatty streaks as a fraction of flat surfaces where F and N are fatty streaks and normal intima expressed as a percentage of the surface. After excluding raised lesions, which by definition cannot be called fatty streaks, FaF is the fatty streaks expressed as a percentage of the surface at risk of possibly being called fatty streaks. This measure has been suggested as applicable to all ages as an estimate of fatty streak formation. 25 
' x
The appendix table reveals that fatty streak formation, as measured by the mean of FaF, appeared to be significantly slower for Guatemala men at all ages in the 1960-1964 series, but to be the same in both locations in the 1976 series. These contrasting results might indicate secular trend or method drift.
Raised lesions in Guatemala men also appeared somewhat greater in the later compared with the earlier series. Even so, the large population difference between specimens from New Orleans and Guatemala remains clearly visible after age 35.
No reason is readily apparent to explain the contrasting results. The data reveal more extensive fatty streaking in Guatemala for the later period compared with the earlier period. The possibility that conditions have changed in that location must be considered.
Appendix Table. Mean Fatty Streaks Among Flat Surfaces (FaF), Raised Lesions (RL), and Numbers of Cases (In parentheses) by Age for Guatemala (G) and New Orleans (NO) In Two Series of Cases (Abdominal Aorta)
Age . 
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